Background: Smoking increases CD risk. The aim was to determine if smoking cessation at, prior to, or following, CD diagnosis affects medication use, disease phenotypic progression and/or surgery. Methods: Data on CD patients with disease for ≥5 yrs were collected retrospectively including the Montreal classification, smoking history, CD-related abdominal surgeries, family history, medication use and disease behaviour at diagnosis and the time when the disease behaviour changed. Results: 1115 patients were included across six sites (mean follow-up-16.6 yrs). More non-smokers were male (p = 0.047) with A1 (p b 0.0001), L4 (p = 0.028) and perianal (p = 0.03) disease. 
Non-smokers more frequently received anti-TNF agents (p = 0.049). (p = 0.017: OR 2.5 95%CI 1. 18-5.16 ) and those who ceased smoking prior to diagnosis (p = 0.045: OR 2.3 95%CI 1.02-5.21) progressed to complicated (B2/B3) disease as compared to those quitting at diagnosis. Patients with uncomplicated terminal ileal disease at diagnosis more frequently developed B2/B3 disease than isolated colonic CD (p b 0.0001). B2/B3 disease was more frequent with perianal disease (p b 0.0001) and if i.v. steroids (p = 0.004) or immunosuppressants (p b 0.0001) were used. 49.3% (558/1115) of patients required at least one intestinal surgery. More smokers had a 2nd surgical resection than patients who quit at, or before, the 1st resection and non-smokers (p = 0.044: HR = 1.39 95%CI 1.01-1.91). Patients smoking N 3 cigarettes/day had an increased risk of developing B2/ B3 disease (p = 0.012: OR 3.8 95%CI 1.27-11.17). Conclusion: Progression to B2/B3 disease and surgery is reduced by smoking cessation. All CD patients regardless of when they were diagnosed, or how many surgeries, should be strongly encouraged to cease smoking. © 2013 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.
Introduction
Avoiding the complications that result from a chronic disease is a priority for both the physician and the patient. In Crohn's disease (CD), one prognostic factor under the control of the patient is whether, and how much, they smoke. Smoking has clearly been associated with an increased risk of developing CD, 1,2 with disease flares, 3 worse disease progression, greater use of corticosteroids and immunosuppresive agents, and the need for initial and recurrent intestinal surgeries. 4, 5 Conversely, following smoking cessation, the risk of developing CD decreases after 4 years 6 and, for CD patients with prior intestinal resection, the recurrence of endoscopic and clinically significant disease is markedly reduced. 7 Although smoking cessation is not easy for many people, it remains a major therapeutic strategy in the management of CD, and can be more effectively achieved with structured patient education and the availability of counseling. 8 With this support almost one third of smokers can completely stop smoking. 8 In a small prospective study of 59 patients smoking cessation was also shown to reduce disease flares by up to 65% and was associated with less corticosteroid use compared to continuing smokers. 9 If, however, smokers are more likely to develop CD and have a worse outcome and this can be reversed by the cessation of smoking, is there a point at which stopping smoking is no longer effective? Do patients who cease smoking at the time of diagnosis follow a more benign disease course, similar to that of non-smokers, or do they in fact have a better prognosis compared to non-smokers? This may be possible as one of the risk factors contributing to a poor disease outcome can be removed and a proportion of the smokers could have, potentially, not developed CD at all except for the added impact of smoking. Previous studies have not collected data on disease duration or change in disease behaviour in relation to the timing of smoking cessation and are thus insufficiently detailed to answer these clinically important questions. The aim of this study was to determine if smoking, the number of cigarettes smoked, not smoking and the timing of smoking cessation (at, prior to, or following, the diagnosis of CD) alters medication use, is associated with changes in disease phenotype and/or need for a first or subsequent CD intestinal surgery.
Methods
Data were requested from Gastroenterology units with a specialized interest in IBD across Australia (including sites from Queensland, New South Wales, Victoria, South Australia and Western Australia) and New Zealand, and who were all members of the Australia and New Zealand (ANZ) IBD Consortium. Prospectively collected patient data of sufficient quality were obtained from six IBD centers. Each site has an interest, and expertise, in the management of the IBD patient and included: All patients had CD and were phenotyped using the 'Montreal Classification'. 10 The diagnosis of CD had to be definite, and was made in accordance with previously established criteria based upon clinical, endoscopic, histopathological and radiological findings. 11 All patients had had a diagnosis of CD for a minimum of 5 years till the end of follow-up in April 2011.
Data was collected from all patients at first clinical visit about their smoking history (start date, stop date, average number of cigarettes per day), number, dates and types of CD-related abdominal surgeries, family history (defined as either a first or second degree relative with either CD or ulcerative colitis) and medication use. These data were then updated for each patient at each subsequent clinical visit and thus the date of cessation of smoking, disease behaviour at time of diagnosis (B1 -inflammatory, B2 -stricturing or B3 -perforating), disease behaviour at follow-up, and the date at which the disease was noted to change behaviour, if appropriate, was collected.
A person was defined as having been a smoker if they had smoked at least one cigarette a day for a minimum ofex-smoker was a smoker who had ceased smoking for at least 3 months and had not recommenced smoking at any time point in the follow-up period to April 2011. An 'ever smoker' was either an ex-smoker or a current smoker, while a life-long non-smoker had never regularly smoked 1 or more cigarettes per day and had not smoked 100 cigarettes in their life.
Statistics
Cumulative numbers of first and second resections were examined using summary tables and charts. Standard univariate analyses were carried out using logistic regression and t-tests where appropriate. Logistic regression was used to examine the factors that affected initial and second intestinal resections separately. The potential list of candidate variables examined for each were smoking status, age group, disease location, L4 disease, perianal disease, disease behaviour at diagnosis, the use of an anti-TNFα agent, immunosuppression, oral or intravenous (i.v.) steroids at any stage in the disease management, years of follow-up until the first surgical resection, or years since the previous resection for the 2nd surgical resection.
When examining changes in disease behaviour over time, only patients with B1 disease at diagnosis were included together with their total length of follow-up (n = 803 patients).
The change in disease behaviour from B1 to either B2 or B3 disease was modeled. The same predictors were examined, as detailed above, to determine the factors that may result in this change.
To examine time to 1st/2nd resection, and time to change in behaviour, Kaplan-Meier survival curves were produced and log rank tests were carried out to examine the impact of all explanatory variables univariately. Multivariate time to event modeling was carried out using Cox proportional hazards models. In all multivariate models, variables in the final model were determined using an information theoretic approach. 18 
Results
Complete data were obtained from 1115 CD patients from the six centers up to April 2011. Of these, 637 (42.9%) were male and 591 (53.0%) had never smoked ( Table 1 ). The mean disease follow-up was 16.6 yrs (±9.2 yrs) with 348 (31.2%) of patients suffering from L1, 336 (30.1%) from L2 and 431 (38.7%) from L3 disease at diagnosis. Inflammatory disease (B1) was present in 818 (73%) patients at diagnosis and 264 (23.7%) had a family history of IBD. Comparing life-long non-smokers to those patients who had ever smoked, non-smokers were more likely to be male (46.0% vs. 40.1%, p = 0.047) and be A1 (diagnosed under 17 yrs of age, 19.7% vs. 8.0% p b 0.0001). At diagnosis, Over the follow-up period up till April 2011 and there was no difference between ever smokers and non-smokers in the percentage of patients requiring the use of oral or i.v. corticosteroids, or an immunosuppressant (thiopurine or methotrexate) at any stage in the management of their disease (Table 1) . Non-smokers, however, were more likely to receive an anti-TNFα agent during follow-up (p = 0.049).
Change in disease behaviour to complicated disease
Over the follow-up period 123 of the 394 (31.2%) non-smokers with B1 disease at diagnosis progressed to either B2 or B3 disease. This resulted in 253 out of 524 non-smokers (48.3%) with B2/B3 disease at the end of follow-up. In ever smokers with B1 disease at diagnosis, 154 out of 424 (36.3%) progressed to B2/B3 resulting in 321 of the 591 smokers (54.3%) having complicated disease at the end of follow-up. Logistic regression on the 803 patients who had B1 disease at diagnosis and complete smoking history (Table 2) confirmed that patients with disease of the terminal ileum were more likely to develop complicated disease (p b 0.0001: L1 vs. L2, odds ratio [OR] 4.9 95% CI 3.00-7.83; L3 vs. L2, OR 4.0 95% CI 2.61-6.08). Of particular interest is that when smokers, who had B1 disease at diagnosis, were separated into when, or if, they ceased smoking, 99 of the 230 (43%) patients who continued to smoke developed B2/B3 disease which was significantly higher than compared to the 13 of 64 (20.3%) patients who quit at CD diagnosis (p = 0.017; OR 2.5 95% CI 1.18-5.16). In addition, patients who had been previous smokers but had ceased prior to diagnosis were also more likely to develop complicated disease than patients who quit smoking at diagnosis (p = 0.045; OR 2.3 95% CI 1.02-5.21), while there was no difference in progression from B1 to B2/3 between never-smokers and those who quit smoking at diagnosis (p = 0.33).
Not surprisingly, the development of complicated disease was more likely if immunosuppressive medications were required at any stage of the disease (p b 0.0001; OR 2.8 95% CI 1.76-4.54). This was also true for the need for i.v. steroids (p = 0.0038; OR 1.7 95% CI 1.19-2.42) and the presence of perianal disease (p b 0.0001; OR 2.2 95% CI 1.55-3.16). Analysis also confirmed that longer disease duration was associated with a greater likelihood of the development of complicated disease (p b 0.0001; OR 1.1 95% CI 1.05-1.10).
First intestinal surgery for CD
A total of 558 (50%) patients required intestinal surgery with 243 (46.4%) of patients who had never-smoked undergoing surgery compared to 315 (53.3%) patients who had ever smoked. Fifty-seven patients had quit smoking at diagnosis, and 214 prior to their first intestinal resection.
A Cox proportional hazards model with only smoking status as a predictor showed that smoking status was a statistically significant predictor of requiring surgery (p = 0.044). A Kaplan-Meier curve was produced for patients requiring surgery according to their smoking status ( Figure 1A ). Non-smokers and patients who had quit smoking at diagnosis were less likely to go to surgery than patients continuing to smoke. A subsequent multivariate analysis, however, demonstrated that surgery was more common in L1 and L3 disease compared to L2 (p b 0.0001) and perianal disease (p = 0.010), while the effect of smoking status, adjusting for these variables, was no longer statistically significant. 
Second intestinal surgery for CD
Of the 556 patients (243 non-smokers and 313 ever smokers: the complete smoking history was not complete for 2 of the ever smokers) who underwent a first intestinal resection for their CD, the chance of going to a 2nd surgery was examined. Overall, 186 patients underwent a 2nd intestinal resection and were analysed in three groups; non-smokers, patients who quit smoking at, or before, the first resection and continuing smokers. A significantly greater proportion of continuing smokers 95 of 233 (40.8%) underwent a 2nd surgical resection compared to 23 of 80 (28.8%) of the patients who quit at, or before, the 1st surgical resection and the 68 of 243 (28.0%) patients who were non-smokers (p = 0.0019). A Kaplan-Meier plot for this survival data is shown in Figure 1B . The mean follow-up time for those who had a 2nd surgery was 17.5 yrs and for those who did not was 10.1 yrs (P b 0.0001). When the other potential confounders were examined the use of an immunosuppressant (p = 0.0013) and L4 disease (p b 0.0001) were significantly associated with a 2nd surgical resection. Adjusting for these variables there was no difference between patients who quit at, or before, the 1st surgical resection and non-smokers (p = 0.53; HR = 1.2 95% CI 0.72-1.87). There was, however, a statistically higher 2nd surgical rate between continuing smokers compared to non-smokers (p = 0.044; HR = 1.4 95% CI 1.01-1.91).
Number of smokes per day
Of those patients who were smokers at diagnosis, 323 were still smoking 5-years after diagnosis. A sub analysis on these 323 patients investigated the dose effect of smoking (as reported by patients) in the 287 who reported the number of cigarettes smoked daily: this ranged from 1 to 50 with mean of 15.22 (± SD 8.84). The same three parameters: change in disease behaviour from B1 at diagnosis to either B2 or B3 by follow-up (n = 202), 1st resection (n = 287) and 2nd resection (n = 161) were examined (Table 3) .
There was a general trend for all three outcomes, which demonstrated a positive correlation between the proportion of patients having any of markers of disease progression and the number of cigarettes per day. Logistic regression analysis also demonstrated that the number of cigarettes per day was significantly associated with the change in disease behaviour. Patients who smoked more than 3 cigarettes/day had a 3.8 fold increased risk of developing complicated disease (p = 0.012).
Discussion
At present, smoking is the most modifiable risk factor for the development and progression of CD. This study examined whether smoking cessation at, prior to, or following, the diagnosis of CD can alter disease behaviour and the need for surgery with the data collected both retrospectively from the patients at their first clinical visit, and then the data was updated at each subsequent clinical visit. Although patient recall may not always be fully accurate, and is a limitation of any retrospective study, the dates and types of surgical resections are momentous events in a patient's life and usually well remembered and were also able to be confirmed through hospital notes in the vast majority of patients. Cessation of smoking, which, although cannot be confirmed through objective means, many patients can recall to the day and was also frequently collected prospectively from patients during the follow-up period suggesting that the data were reliable.
Unfortunately, CD is prone to excessive collagen deposition resulting in transmural fibrosis 12, 13 and fibrostenosing disease is one of the most common indications for intestinal resection in CD. 14, 15 As the progression of inflammatory to stenosing, or perforating, disease usually precedes the need for abdominal surgery, this study examined the change in disease behaviour from B1 to B2/B3 disease and the rates of first, and second, intestinal surgery in the management of CD. These aspects of disease progression were examined with respect to the patient's smoking status and when, or if, they ceased smoking. In line with other studies, disease duration, patients with L1 and perianal disease, patients suffering more severe disease indicated by the need for use of immunosuppressive medications or i.v. steroids, were more likely to develop complicated disease 16, 17 and these were controlled for in the analysis.
In this study, patients who had ever smoked in their life did not have a higher rate of complicated disease behaviour at diagnosis compared to lifelong non-smokers and over a mean follow-up period of more than 15 years, 36% of those patients who had ever smoked compared to 31% of non-smokers progressed from B1 to B2/B3 disease. Of note, however, significantly fewer patients who ceased smoking at diagnosis developed complicated disease compared with those patients who continued to smoke. In addition patients who quit smoking at diagnosis were also significantly less likely to develop complicated disease than patients who were previous smokers but had ceased prior to CD diagnosis. These observations clearly show that smoking is a modifiable risk factor and that quitting reduces the development of complicated CD. No significant differences, however, were observed between lifelong non-smokers and patients who quit smoking at diagnosis potentially due to low patient numbers. However, as 31% of life-long non-smokers developed B2/B3 disease compared to only 20% of ex-smokers there is a suggestion that the cessation of smoking may reduce the risk of disease progression below that of non-smokers. Adding biologic plausibility to the hypothesis, is that there was a dose effect observed with number of cigarettes smoked per week being significantly associated with the development of complicated CD. Patients who smoked 3, or more, cigarettes per day were almost 4 fold more likely to develop either fibrosing or perforating CD indicating that even a very few cigarettes are able to impact on disease behaviour and outcomes. The need for surgery is driven by the progression of disease to a more complicated phenotype. In this study 50% of patients required abdominal surgery for their CD at some stage. It was noted that more smokers, than non-smokers, required surgery with a significantly greater rate of first surgery observed in patients continuing to smoke, compared to those ceasing at diagnosis and life-long non-smokers. This significance for smoking, however, was lost on multivariate analysis suggesting that even greater patient numbers are required for statistical analysis when controlling for all the aspects of disease behaviour and management.
A greater proportion of patients who continued to smoke underwent a 2nd intestinal surgical resection compared to patients who quit at, or before, the 1st surgical resection and lifelong non-smokers with a significant difference noted in the rates of surgery between continuing smokers and life-long non-smokers. The greater rates of first and second surgeries amongst smokers may be explain by the greater rates of stenosing and perforating disease and these changes could also explain the observation that smokers were less likely to be treated with an anti-TNF agent than non-smokers as complicated CD is primarily treated by surgery and not medical therapies. No difference, however, was noted in the rates of surgery between life-long non-smokers and those patients who gave up smoking at, or before, first surgery, which again suggests that giving up smoking at any point in the disease process is of benefit to the patient.
In summary, this study confirms that smoking cessation at the time of CD diagnosis is associated with a reduction in the development of complicated disease. Even as few as 3 cigarettes smoked per day correlated with a markedly increased risk in the development of complicated disease and this logically will result in a greater need for surgical resection over time. The findings suggest that there is unlikely to be a safe level of smoking for CD patients. The benefit of smoking cessation, however, does not appear to wane over time and thus all CD patients regardless of when they were diagnosed or how many surgeries they have had need to be strongly encouraged to cease smoking. 
